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ULTRASONIC INSPECTION APPARATUS FOR INSPECTING A WORKPIECE 

[0001] The invention relates to an ultrasonic inspection apparatus for non-destructive 
inspection of a workpiece, said ultrasonic inspection apparatus having a transmit/receive 
probe comprising a couplant for coupling to an entrance surface of the workpiece, a 
transmitter connected to said probe and generating transmit pulses which it then delivers to 
said probe, a receiver connected to said probe and a monitor that is connected to said receiver 
for displaying electric echo signals received by said receiver. The probe emits ultrasonic 
pulses that, on the one side, are reflected at the entrance surface back to the probe and on the 
other side penetrate the workpiece where they are reflected at least once at a backwall of the 
workpiece. 

[0002] For ultrasonic non-destructive inspection of a workpiece, suited inspection apparatus 
are known. General reference is made to the German book J. and H. Krautkramer, 
Werkstoffprlifiing mit Ultraschall ("Material Inspection with Ultrasounds"), fourth edition. 
The pulse-echo technique is used for this purpose. The probe emits ultrasonic pulses 
preferably periodically and receives next the echo signals of these emitted ultrasonic pulses. 
Generally, the echo signal of the entrance surface is particularly strong and exceeds the other 
echo signals. The other echo signals originate from the workpiece, more specifically from the 
backwall of the workpiece, where they are reflected at least once. Inasmuch, the inspection 
method is suited for workpieces the entrance surface of which is oriented to be substantially 
parallel to the backwall so that the ultrasonic pulse is reflected back and forth several times 
within the workpiece. This is the case with ultrasonic inspection of spot welded joints of sheet 
metal parts for example. 

[0003] The echo signals received are displayed on the monitor. They are displayed as what 
is termed an A-scan in which the voltage values of the echo signals received are plotted down 
the side of the diagram whereas time is plotted on the horizontal axis. As the pulse is reflected 
back and forth several times between entrance surface and backwall, a sequence of evenly 
spaced echo signals is obtained the amplitude of which generally decreases with time. 

[0004] The ultrasonic inspection of the type mentioned herein above may serve to merely 
determine the wall thickness between entrance surface and backwall. It may however also 
serve to determine the quality of a spot weld joint or to detect flaws. In all such cases it is 
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necessary to be informed of the quality of the coupling to the probe at the entrance surface 
and also preferably of the quality of the echo sequence. 

[0005] For inspecting spot weld joints on the bodywork of an automotive vehicle, it is 
desirable to achieve high inspection speed. To inspect all the spot welds of a bodywork, 
typically two to three thousand welds are to be inspected. For each point it has to be made 
certain that coupling is good and that the echo sequence is of sufficient quality. 

[0006] Experience has shown that with the prior art ultrasonic inspection apparatus it is 
extremely difficult to care for both good coupling and good echo sequences. This places high 
demands on the operator of the ultrasonic inspection apparatus. Only experienced and well 
trained operators are capable of inferring from an A-scan both good coupling and good 
backwall echo sequence and possibly also a flaw echo sequence. 

[0007] Moreover, the ultrasound parameters such as sound velocity, probe lead body, 
amplification, beginning of the image and image width have to be set with the greatest 
possible accuracy. Finally, the quality of the sheet joint, more specifically the thickness of 
each of the connected sheets, the number of the sheet joints, the sound attenuation in the 
material and in the weld point affect the inspection result, meaning the A-scan. 

[0008] Using the prior art method, an operator couples an ultrasonic probe to a to-be-tested 
spot weld joint and moves the probe in at least two solid angles and in absolute terms with 
respect to the weld point until good backwall echo sequence with simultaneously good 
entrance signal is achieved. He moves the probe until a good enough quality of the A-scan is 
obtained, thus aiming at achieving a good quality A-scan. 

[0009] This is where the invention comes in. It seeks to facilitate the work performed by the 
operator and to provide him with an ultrasonic inspection apparatus that clearly indicates the 
quality of a coupling and of an echo* sequence without the operator having to mind details in 
the A-scan. 

[00010] In view of the ultrasonic inspection apparatus of the type mentioned herein above, 
this object is accomplished by providing said ultrasonic inspection apparatus having, in 
addition to the display displaying the received electric echo signals, a bar display showing at 
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least one signal value in real time with said signal being derived from one of the following 
echo signals: the entrance echo reflected at the entrance surface, at least one backwall echo 
and/or one signal calculated from a plurality of backwall echoes. 

[00011] The bar display outputs at least one signal value, for example a signal value for the 
entrance echo or a signal value for the quality of the backwall echo sequence. In the last 
mentioned case, an evaluation of a plurality of backwall echo signals is carried out and a 
signal value, which is calculated by taking the mean of a plurality of backwall echoes, is 
delivered. 

[00012] The respective at least one signal value shown on the bar display is directly 
indicative of the quality. In practice, when performing the inspection, the operator can 
substantially concentrate on the A-scan and keep an eye on the bar display besides; he needs 
not direct his full attention toward the bar display. The information the bar display shows is in 
principle contained in the A-scan as well. Thus shown on the bar display, the corresponding 
indications are allowed to be better registered by the operator and are displayed more 
prominently. Details of the A-scan are easy to distinguish in the bar display where they are 
displayed in a more dramatic way, more specifically in a particular colour so as to be readily 
noticeable. This facilitates the ultrasonic inspection and more specifically aids in keeping the 
attention of the operator for a long time. 

[00013] When aiming at achieving a good quality A-scan, the bar display changes just like 
the A-scan changes in real time. This means that, after each reset of the probe, the operator 
immediately receives the ultrasound signal associated with the selected orientation of the 
probe. If the coupling conditions change during reorientation, this will immediately translate 
into another bar display. 

[00014] It is preferred that the bar display not only displays one signal value but two or three 
signal values. The different signal values are shown in different colours, such as in the colours 
of a traffic light or in other clearly differing colours such as yellow, green, blue. The bar 
display is chosen to be sufficiently wide for good visibility. Typical widths are at least 10 
mm, with widths of between 20 and 30 mm being preferred. The bar display may be a 
separate display, for example a narrow, elongate colour LCD, but it may also be a stripe that 
has been left unoccupied by a display unit used for displaying the A-scan so that A-scan and 
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bar display appear side by side on the same monitor screen. Colour monitors other than LCD- 
displays have also proved efficient, such as plasma displays for example. 

[00015] In principle, the bar display can be built from a series of light-emitting diodes. Light- 
emitting diodes of different colours are used so that a plurality of bar displays may be 
arranged side by side. It is preferred though that the different signal values be displayed in 
different colours one above the other. 

[00016] Evaluation of the signal sequence of the A-scan does not pertain to the present 
invention. The present invention is rather directed at assisting the operator in achieving a good 
quality A-scan by providing a display in the form of a bar. Nowadays, such type displays are 
usual with Hi Fi apparatus, mobile phones and in the field of presentation graphics as it may 
for example be set up in a computer. 

[00017] In the preferred implementation of the invention, a signal value of the bar display is 
associated with the quality of the entrance echo. Good coupling is the primary prerequisite for 
good ultrasonic measurement. Good coupling is achieved when the entire bar display is 
visibly illuminated, meaning when the signal applied is 100 %. The other signal values are 
chosen to be less than 100 % so that a coupling of good enough quality may always be 
recognized and that the other signal values can still be shown on the same display screen. 

[00018] A superimposed bar of a different colour is used as the second signal value 
indicative of the quality of the backwall echo sequence. The height of the bar is indicative of 
the quality of the backwall echo sequence. If the bar reaches or exceeds a rating threshold to 
be determined by the adjuster, e.g., 60 % or 80 %, the quality of the backwall echo sequence 
is sufficient. In this case, the associated A-scan can be used for rating the spot weld joint. In 
addition thereto, a third colour bar may be shown, said third bar being smaller than the colour 
bar of the signal value indicative of the quality of the backwall echo sequence. Said third 
colour bar may for example be indicative of the quality of the flaw echo sequence. As it 
always remains beneath the bar of the backwall echo sequence, it may be easily recognized as 
such. Practical tests have shown that it is readily possible for an operator to distinguish three 
superimposed bars on one unique bar display. 

[00019] In a preferred developed implementation, the bar display is disposed in the nearest 
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possible proximity to the monitor or is part thereof. The operator may thus easily associate it 
with the A-scan without having to direct its full attention toward the bar display. 

[00020] It is preferred that the bar display extends across the time axis of the A-scan on the 
monitor. Preferably, the bar display is of the same height as the monitor and is oriented to be 
parallel to the monitor so that the signal values on the bar display increase in the same 
direction as the electric voltages of the signals of the A-scan. 

[00021] Other features and advantages will become more apparent upon reviewing the 
appended claims and the following non restrictive description of embodiments of the 
invention, given by way of example only with reference to the drawing. In said drawing: 

[00022] FIG. 1 is a schematic illustration of an ultrasonic inspection apparatus of the 
invention, 

[00023] FIG. 2 is a schematic illustration like FIG. 1, but in another implementation and 
without probe and workpiece, 

[00024] FIG. 3 is an illustration like FIG. 2 of a third implementation of the inspection 
apparatus, 

[00025] FIG. 4 is a schematic illustration of an echo sequence similar to the image shown 
in FIG. 1, as it typically appears on a monitor and 

[00026] FIG. 5 is a schematic illustration of an echo sequence without entrance echo and 
for backwall echoes as it typically appears on a monitor for a better understanding of the 
method of normalizing an echo sequence. 

[00027] In a housing 20 of an ultrasonic inspection apparatus there is disposed a monitor 22, 
which may for example be an LCD-display. A bar display 24 is disposed immediately beside 
it and parallel thereto. Said bar display also is an LCD-display. The bar display 24 has the 
same height dimension as the monitor 22. The bar display 24 is narrow; its width is of 
between 10 and 20 mm. Like the monitor 22, the bar display 24 is substantially defined by a 
rectangle. 
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[00028] A transmit/receive probe 26 is connected to the housing through a plug type 
connection. Its structure is basically known, the reader is referred to the above mentioned 
German book for example. At its front end, it has a couplant 28. Here, the couplant 28 is 
implemented as a chamber filled with water and bounded by a thin plastic film, for example a 
latex film. The couplant 28 simultaneously is a preliminary distance. The couplant 28 permits 
to directly contact a workpiece 30 without inclusion of air bubbles and the like. 

[00029] Here, the workpiece 30 is a portion of a sheet metal plate, the workpiece may also be 
two steel plates joined together by spot welding and so on. The workpiece 30 has an entrance 
surface 32, which is in contact with the couplant 28, and a backwall 34. 

[00030] Eventually, the housing accommodates a transmitter 36 and a receiver 38. Both are 
connected to the probe 26. The transmitter periodically delivers transmit pulses that cause the 
probe 26 to deliver ultrasonic pulses. The individual ultrasonic pulses traverse the couplant 
28. A fraction of each pulse is generally reflected at the entrance surface 32 and reaches as an 
entrance echo 40 the receiver in time before other signals. The receiver is connected to the 
monitor 22. The signal corresponding to the entrance echo 40 is visible on the monitor. 

[00031] A fraction of each ultrasonic pulse generally penetrates the workpiece and is 
reflected at the backwall 34. It generally splits'further and may return to the probe 26 through 
the entrance surface 32 after having been reflected once at the backwall; in parts however, it is 
also reflected at the entrance surface 32. The pulse is thereby typically reflected several times 
back and forth within the workpiece 30. This results in an echo sequence, namely an echo 
sequence of what are termed backwall echo signals with the first backwall echo 41, the 
second backwall echo 42, the third backwall echo 43 and so on 44, 45 being shown on the 
monitor. 

[00032] Furthermore, a fraction of the ultrasonic pulse that has penetrated the workpiece is 
also reflected at flaws provided such flaws exist. An example of a flaw echo is shown at 50. 

[00033] Monitor 22 displays what is termed an A-scan which in FIG. 4 is once more 
illustrated singly in a similar manner. The voltage U in Volts of the signals received is plotted 
down the side of the diagram on the y-axis whereas time T is plotted in seconds on the 
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horizontal x-axis. 

[00034] The bar display 24 displays information also shown in the A-scan of the monitor 22. 
Overall, three signal values are shown one above the other on the bar display 24. These signal 
values are displayed so as to be readily visible by an operator. The signal values are shown 
individually, the operator needs not gather at great expense the information from the A-scan 
as said information is directly shown in the form a bar. Accordingly, the bar display 24 serves 
to selectively show information contained in the A-scan. It shows a signal value 60 indicative 
of the quality of the entrance echo, a signal, value 62 indicative of the quality of the backwall 
echo sequence and a signal value 64 indicative of the quality of the flaw echoes. The order of 
these three signal values is at the same time indicative of their hierarchy and priority 
respectively. In this context, the quality of the entrance echo is the most important 
information; the prerequisite of a good coupling is a sufficiently high entrance echo. The 
corresponding signal value of the entrance echo 60 is shown in yellow. The quality of 
coupling is sufficient when the entrance echo is above 100 %. This means that in the A-scan 
the entrance echo runs beyond the upper edge of the monitor, as this is actually the case in the 
A-scan. 

[00035] The signal value 62 for the quality of the backwall echo sequence is shown in green. 
It remains below 100 % so that the yellow signal value of the entrance echo 60 will always 
remain visible. In the exemplary embodiment shown, the signal value 62 is approximately 86 
%. The height of the corresponding signal value is indicative of the quality of the backwall 
echo sequence. If the green bar reaches or exceeds an evaluation threshold to be prescribed by 
the adjuster, optimum coupling and quality of the backwall echo sequence has been achieved. 
The corresponding A-scan can be sent to the computer for evaluation. 

[00036] Finally, a blue bar is shown, the corresponding signal value of the quality of the flaw 
echo 64 is relatively small; it remains below the other signal values 60, 62. In the illustration 
shown, the signal value 64 is approximately 14 %. 

[00037] It is thus possible to display three signal values 60, 62 and 64 one above the other on 
the same bar display 24. The voltage values for the signal values 60, 62 and 64 are obtained as 
follows: 
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[00038] A diaphragm 66 for the entrance echo 40 is provided for in the receiver 38. Said 
diaphragm 66 can be displaced as desired. It is adjusted by the operator in such a manner that 
the entrance echo falls into the diaphragm 66. The entrance echo obtained from every single 
ultrasonic pulse results in a voltage value in the receiver; if it falls within the range of the 
diaphragm 66, it is displayed on the bar display 24 as the signal value 60 of the entrance echo. 
Preferably, the bar display has, like the monitor 22, a scale in the direction of its y-axis, 
meaning of the voltage value. Thus, the electric voltage value of the entrance echo can be 
shown directly on the bar display 24 (provided it falls into the diaphragm 66). 

[00039] For the backwall echoes 41, 42, .., 45 there is provided at least one diaphragm 68 
with every single diaphragm 68 being preferably associated with a specific one of the 
backwall echoes. They register the voltage value of the maximum echo voltage. The signal 
value of the quality of the backwall echo sequence 62 is obtained from at least one voltage 
value, preferably from any mean taken from a ; plurality of voltage values or from the 
mathematical processing of a plurality of voltage values, and is displayed as described. 

[00040] The same process is applied to the flaw echoes, these being associated with 
diaphragms 70 as well. 

[00041] It is apparent from the above that the apparatus of the invention, and more 
specifically the method of inspecting workpieces carried out using the same, are suited for 
serial measurement. An example of serial measurement is the inspection of spot weld joints 
on bodyworks. The inspection apparatus is at first set at one workpiece or at a few workpieces 
prior to performing serial measurement. 

[00042] The height of the various signal values 60, 62, 64 may be used to change settings of 
the inspection apparatus, more specifically to set the amplification of the receiver. If for 
example the signal value of the entrance echo 60 is less than 1 00 %, it may be that the 
primary amplification is too low. Another reason may be bad coupling. If during initial setting 
of the inspection apparatus to to-be-tested serial workpieces one finds out that the signal value 
of the entrance echo 60 does not reach 100 %, the primary amplification is too low and needs 
to be increased accordingly. An automatic amplification regulation may be provided to rectify 
the amplification. 
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[00043] An automatic amplification regulation may also be provided in order to influence, 
more specifically to increase, the amplification in such a manner that the signal value of the 
quality of the backwall echo sequence 62 is in a prescribed range of for example 80 plus or 
minus 15 %. The amplification regulation takes into consideration that this value range is 
reached. The primary prerequisite is that the value of the entrance echo is in excess of 100 %. 

[00044] FIG. 2 shows another configuration of the apparatus. Now, the bar display 24 is no 
longer implemented as a separate part and is no longer disposed beside the monitor 22, 
although in closest proximity thereto; the bar display is now rather part of the surface of the 
monitor. Between the bar display 24 and the remainder of the monitor, a narrow space 72 in 
the form of a stripe extending from the top to the bottom has been left free in order to achieve 
a neat separation, said stripe may for example be a colour bar, an empty field or the like. In 
principle, the space 72 is not necessary, but it makes it easier for the operator to distinguish 
the fields into which the monitor 22 has been divided. Like the separate bar display 24, the 
integrated bar display of FIG. 2 is also disposed to the right side of the actual monitor. 

[00045] FIG. 3 finally shows a bar display consisting of three rows of light-emitting diodes 
that are disposed side by side. Here, the various signal values 60, 62 and 64 are no longer 
displayed one above the other but rather side by side. Each row of light-emitting diodes has a 
different colour with row 74, which represents the signal value of the entrance echo 60 being 
for example yellow, the next row 75, which represents the signal value of the quality of the 
backwall echo sequence 62, red, and so on. 

[00046] On the bar displays of the FIGS. 1 and 2, the signal values may be displayed side by 
side, partially superimposed or in another form. 

[00047] Normalization of the backwall echo sequence will now be discussed herein after 
with reference to FIG. 5. 

[00048] Normalization of the backwall echo sequence serves to qualitatively evaluate the 
intensity of the backwall echo amplitudes. A normalization level for the first backwall echo is 
prescribed, the corresponding value is Nn. The first backwall echo has an amplitude RWE (1) 
that is smaller than Nn. The difference Nn - RWE amplitude (1) is called the normalization 
difference Nd. 
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[00049] Backwall echo amplitudes that are the same or greater than 1 00 % are summed up 
without normalization. 

[00050] The parameter "normalization level Nn" is a variable and can be prescribed and 
varied as desired. This permits to influence the scaling of the arithmetic mean value that is 
displayed as the signal value 62 so that the latter can be allowed to be higher or lower. 
Normalization occurs using the following formulae: 

Nd = Nn-RWEAmplitude(l) (1) 



A M 100%* RWEAmplitude(i = \) 

NormAmp(i = 1) = (2) 

Nn 



[00051] To normalize the amplitudes of the backwall echoes starting from the second 
backwall echo, the following "amplitude values An" are set up 

An(i>l) = RWEAmplitude (i>l) + Nd (3) 
[00052] For An(3), the following applies for example 
An(3) = RWEAmplitude (4) + Nd 

[00053] From the second backwall echo onward, the following normalization is carried out: 



A M \00%*RWEAmplitude(i = l) 

NormAmp(i = 1) = (4) 

An(\ + i) 



[00054] The mean value of all the normalized backwall echoes, that is the signal value 62, is 
obtained using the following equation 



1 



NormRWE = — — * {RWEAmplitude > 1 00%) + £ NormAmp(i > 1)) (5) 
n + /w /=i i=\ 



[00055] To sum up it can be said that the invention has the following advantages: the 
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inspection apparatus can be used wherever there is a need for a distinct echo sequence of the 
ultrasonic evaluation and/or measurements. 

[00056] A coupling criterion for evaluating the coupling to the workpiece 30 is achieved, for 
example during inspection of spot weld joints. An additional indicator is obtained during 
digital wall thickness measurement. More specifically, it is important to know here whether 
the signal that is used for measuring contains a sufficient echo sequence at all. 

[00057] Finally, by the step of normalizing echo sequences, an additional evaluation variable 
is achieved. 
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